Introduction
============

There are many definitions of stress by numerous stress researchers. One of the definitions is the one given by the founder of the field of stress research, Seyle, who observed that stress is produced by psychological threat and insult to the body-self as well as by physical injury and disease ([@r1], [@r2]). The disruption of homeostasis by psychological and physical stress activates programmes of neural, hormonal, immunological and behavioural activity selected from a genetically determined repertoire ([@r3], [@r4]). The glucocorticoid cortisol is an essential hormone for survival because it is responsible for producing and maintaining high levels of glucose necessary for the response to stress. However, it is potentially destructive, because it breaks down the protein in muscles and inhibits the ongoing replacement of calcium in bones, in order to ensure a high glucose level ([@r2]).

Perioperative pain in elderly patients with proximal femoral fractures is an utmost stress trigger where injury and surgical treatment strongly stimulate the adrenocorticotrophic (ACTH) hormone release which then stimulates adrenal secretion of glucocorticoids with substantially high cortisol concentrations in plasma. The initial metabolic response to perioperative tissue damage involves greater availability of glucose, amino acids, and free fatty acids and coincides with an activation of the hypothalamic-pituitary-adrenal (HPA) axis ([@r5]). These patients are the most vulnerable population to the deleterious effects of poorly managed pain, adverse effects of both drugs and postoperative pain. Therefore, achieving effective analgesia is particularly difficult because it is necessary to personalise the treatments and, at the same time, the ineffective analgesia may lead to serious complications ([@r6]). Postoperative hyperglycaemia may lead to infection of surgical wounds and prolong the hospitalisation ([@r7]). Dexamethasone, a synthetic glucocorticoid, with anti-imflammatory and immunosuppressive characteristics can diffuse into the central nervous system (CNS).Dexamethasone inhibits the HPA axis primarily on the pituitary level by transcription mechanisms in the cells, but not obligatory for ACTH gene synthesis ([@r8]). It is comprehended that a harmful stimulus can suppress the HPA axis feedback information, which is a possible function of nature and intensity of the stimulus.

The aim of this study was to establish the changes of cortisol and glucose plasma concentrations by a single shot of intrathecal dexamethasone and levobupivacaine in anaesthesia for surgical correction of proximal femoral fracture and its effect on analgesia and hospitalisation.

Methods
=======

This clinical study was conducted from 2013-2016 at the University Hospital "Sveti Duh", Zagreb. Hospital's ethics committee approval was obtained and the patients read and signed the informed consent after the study has been explained to them.

Sixty patients with proximal femoral fracture, American society of anesthesiologists (ASA) physical status 2 or 3, male or female, admitted through hospital's Emergency Department were included in this randomised, prospective, clinical study. All patients with proximal femoral fracture were randomised into two groups after a regular anaesthesiological assessment and by [www.randomizer.org](http://www.randomizer.org). After the final anaesthesiological decision every patient underwent surgical procedure in spinal anaesthesia.

Inclusion criteria covered all cooperative elderly patients with proximal femoral fractures of one leg ASA grade 2 or 3 willing to participate in the study. Exclusion criteria were pre-existing cognitive impairment, diabetes mellitus, neurological conditions or tumours, neuroendocrine disorders or tumours, ASA≥4 and unwillingness to participate in the study or breaking the study protocol. Patients no longer wanting to participate in the study or when unexpected events happened after the study already started were also considered exclusion criteria.

Spinal anaesthesia was performed in the sitting position on intervertebral levels L2-L3 or L3-L4 with middle line approach using BD Spinal Needle Quincke Type Point 22-27 GA.

Thirty patients in the study group received 8 mg of dexamethasone (Dexamethasone Sodium Phosphate, KRKA) and 12.5 mg of 0.5% levobupivacaine (Chirochaine, Abbott) administered intrathecally, the DLSA group. The control group of thirty patients received 12.5 mg of 0.5% levobupivacaine intrathecally, the LSA group.

The primary outcomes were to define if intrathecal dexamethasone effects perioperative plasma cortisol and glucose fluctuations. Plasma cortisol was assessed in five measure points: T1- before anaesthesia and infusion administration, T2- one hour after surgery, T3- third postoperative day at 6 am, T4- fifth postoperative day at 6 am and T5- on tenth postoperative day at 6 am 0.5 millilitres (ml) of patients' blood was taken for single measurement. Cortisol was assayed by Roche Elecsys Immunoassay System in laboratory reference points (185-624) nmol/L. Serum glucose was assessed in five measure points at the same time as cortisol was measured. 0.2 ml of patients' blood was taken for single measurement. Glucose was assayed by Beckman Coulter AU 400 and AU 680 apparatus or Olympus Analyzer 2 in laboratory reference points (4.4-6.4) mmol/L.

As secondary outcomes we evaluated howintrathecal dexamethasone with levobupivacaine anaesthetic pattern was affecting quality of analgesia and length of hospital stay. Visual Analogue Scale (VAS), in scores from 0 - 10, was used for evaluating pain intensity every three hours when patients were awake in five measure points: T1- before anaesthesia and infusion administration, T2- one hour after surgery, T3- third postoperative day, T4- fifth postoperative day and T5- on tenth postoperative day to follow cortisol measurements. Hospitalisation was calculated by the number of days preoperatively from the day of admission to the day of surgical treatment and postoperatively from the day of surgical reconstruction to the day of hospital discharge in the time period of up to 30 days.

The statistics data are shown in tables and figures, variables that were normally distributed were tested by Kolmogorov-Smirnov test. Categorical variables were shown by using absolute frequencies and ratios, quantitative variables were expressed as median scores and interquartile ranges. The data for descriptive variables were analysed by chi-square test, though differences in quantitative variables were tested by Mann-Whitney U test. Particular clinical parameters were evaluated by Spearman's correlation analysis. P\<0.05 was considered to be statistically significant. Statistical analysis was performed by the IBM SPSS Statistics for Windows 23.

Results
=======

Sixty patients included in the study with mean age 80.65 (range 52-95) years old of which 90% of participants were older than 70 years of age with proximal femoral fracture of one leg who underwent surgical fixation in spinal anaesthesia. Precisely, 70% of patients were ASA status 2, the other 30% were ASA status 3.

The study results showed no significant differences in cortisol values before surgery in both groups. Cortisol concentrations one hour after surgery were borderline (P=0.088), although over-all cortisol values in the DLSA group were decreased at all times during postoperative length of hospital stay within laboratory reference points, discreetly elevated or even slightly below the reference points. Plasma cortisol concentrations in all patients were greater in the control group, the LSA group, and persisted high in the control group after surgery as well.

Changes in serum glucose concentrations did not show statistically significant differences between the groups in the study ([Fig. 1](#f1){ref-type="fig"}).

![Graphical presentation of serum glucose concentrations between the groups in the study. DLSA group that received dexamethasone + levobupivacaine spinal anaesthesia; LSA group that received levobupivacaine spinal anaesthesia](acc-58-s1-9-f1){#f1}

VAS scores in the study group, the DLSA group, had no significant correlations with assessed clinical parameters before and after surgical treatment, while cortisol levels negatively correlated with preoperative hospital stay (P=0.015), one hour postoperatively (P=0.009) and hospitalisation (P=0.022). Serum glucose data negatively correlated with preoperative hospital stay measured on the third postoperative day (P=0.007) and the tenth postoperative day measurement (P=0.024) and similarly negatively correlated with over-all length of hospital stay with significant P values (P=0.003) on the third postoperative day and (P=0.025) on the tenth postoperative day ([Table 1](#t1){ref-type="table"}).

###### Spearman's correlation analysis in the DLSA group: Correlations of clinical parameters with VAS scores, cortisol levels and glucose concentrations before and after surgery.

                                        Postoperative length of hospital stay (days)   Preoperative length of hospital stay (days)   Duration of surgery (min)   Analgesia duration (min)   Hospitalisation (days)   
  ------------------------------------- ---------------------------------------------- --------------------------------------------- --------------------------- -------------------------- ------------------------ --------
  VAS preoperatively                    rho                                            -0.175                                        -0.248                      0.216                      0.080                    -0.314
  P                                     0.355                                          0.186                                         0.252                       0.675                      0.091                    
  VAS 1 hour postoperatively            rho                                            NA                                            NA                          NA                         NA                       NA
  P                                                                                                                                                                                                                  
  VAS 3^rd^ day postoperatively         rho                                            -0.331                                        0.112                       0.148                      -0.005                   0.020
  P                                     0.074                                          0.557                                         0.436                       0.980                      0.917                    
  VAS 5^th^ day postoperatively         rho                                            -0.182                                        -0.188                      0.154                      -0.289                   -0.150
  P                                     0.336                                          0.321                                         0.415                       0.121                      0.428                    
  VAS 10^th^ day postoperatively        rho                                            -0.357                                        -0.061                      0.126                      -0.347                   -0.181
  P                                     0.053                                          0.751                                         0.508                       0.061                      0.338                    
  Cortisol preoperatively               rho                                            -0.083                                        -0.439                      0.048                      0.187                    -0.348
  P                                     0.664                                          0.015                                         0.801                       0.322                      0.059                    
  Cortisol 1 hour postoperatively       rho                                            -0.191                                        -0.467                      -0.021                     -0.031                   -0.417
  P                                     0.312                                          0.009                                         0.913                       0.871                      0.022                    
  Cortisol 3^rd^ day postoperatively    rho                                            -0.111                                        -0.170                      0.327                      -0.236                   -0.284
  P                                     0.559                                          0.368                                         0.077                       0.209                      0.128                    
  Cortisol 5^th^ day postoperatively    rho                                            0.320                                         0.016                       -0.093                     -0.006                   0.141
  P                                     0.084                                          0.933                                         0.624                       0.976                      0.459                    
  Cortisol 10^th^ day postoperatively   rho                                            0.224                                         -0.021                      -0.129                     0.031                    0.126
  P                                     0.235                                          0.914                                         0.496                       0.870                      0.506                    
  Serum glucose preoperatively          rho                                            0.108                                         0.135                       -0.018                     0.009                    0.203
  P                                     0.569                                          0.477                                         0.926                       0.962                      0.283                    
  Serum 1 hour postoperatively          rho                                            -0.135                                        -0.359                      0.145                      -0.243                   -0.340
  P                                     0.478                                          0.051                                         0.445                       0.195                      0.066                    
  Serum 3^rd^ day postoperatively       rho                                            -0.226                                        -0.480                      0.230                      -0.038                   -0.519
  P                                     0.229                                          0.007                                         0.221                       0.841                      0.003                    
  Serum 5^th^ day postoperatively       rho                                            -0.040                                        -0.160                      0.033                      0.013                    -0.227
  P                                     0.833                                          0.400                                         0.863                       0.944                      0.228                    
  Serum 10^th^ day postoperatively      rho                                            -0.152                                        -0.411                      0.016                      0.099                    -0.409
  P                                     0.424                                          0.024                                         0.932                       0.602                      0.025                    

DLSA group that received dexamethasone + levobupivacaine spinal anaesthesia

The study results showed negative correlation in VAS scores and duration of analgesia one hour after surgery and on the tenth postoperative day measurement (P=0.006); cortisol levels positively correlated with hospitalisation (P=0.046), and negatively with duration of analgesia on the tenth postoperative day (P=0.002) in the LSA group. Serum glucose statistics data showed positive correlation with the duration of surgery measured one hour after surgery (P=0.034) and on the tenth postoperative day (P=0.002) in the same group ([Table 2](#t2){ref-type="table"}).

###### Spearman's correlation analysis in the LSA group: Correlations of clinical parameters with VAS scores, cortisol levels and glucose concentrations before and after surgery.

                                             Postoperative length of hospital stay (days)   Preoperative length of hospital stay (days)   Duration of surgery (min)   Analgesia duration (min)   Hospitalisation (days)   
  ------------------------------------------ ---------------------------------------------- --------------------------------------------- --------------------------- -------------------------- ------------------------ --------
  VAS preoperatively                         rho                                            -0.127                                        -0.114                      -0.035                     -0.334                   0.043
  P                                          0.503                                          0.550                                         0.856                       0.071                      0.823                    
  VAS 1 hour postoperatively                 rho                                            -0.039                                        0.261                       0.308                      -0.487                   0.154
  P                                          0.838                                          0.164                                         0.098                       0.006                      0.416                    
  VAS 3^rd^ day postoperatively              rho                                            -0.270                                        -0.231                      0.174                      -0.349                   -0.300
  P                                          0.149                                          0.220                                         0.359                       0.059                      0.107                    
  VAS 5^th^ day postoperatively              rho                                            -0.174                                        -0.051                      -0.045                     -0.451                   -0.221
  P                                          0.357                                          0.789                                         0.812                       0.012                      0.241                    
  VAS 10^th^ day postoperatively             rho                                            -0.099                                        0.225                       0.070                      -0.486                   -0.032
  P                                          0.603                                          0.231                                         0.712                       0.006                      0.867                    
  Cortisol preoperatively                    rho                                            0.269                                         0.108                       -0.037                     -0.267                   0.367
  P                                          0.151                                          0.569                                         0.847                       0.154                      0.046                    
  Cortisol 1 hour postoperatively            rho                                            -0.123                                        0.091                       0.193                      -0.325                   0.078
  P                                          0.519                                          0.631                                         0.307                       0.080                      0.681                    
  Cortisol 3^rd^ day postoperatively         rho                                            -0.201                                        -0.147                      0.004                      -0.308                   -0.154
  P                                          0.286                                          0.437                                         0.984                       0.097                      0.417                    
  Cortisol 5^th^ day postoperatively.        rho                                            -0.156                                        -0.011                      -0.238                     -0.332                   -0.067
  P                                          0.411                                          0.956                                         0.205                       0.073                      0.724                    
  Cortisol 10^th^ day postoperatively        rho                                            0.031                                         -0.097                      0.154                      -0.534                   -0.006
  P                                          0.872                                          0.611                                         0.415                       0.002                      0.973                    
  Serum glucose preoperatively               rho                                            -0.065                                        0.263                       -0.020                     -0.194                   0.085
  P                                          0.731                                          0.160                                         0.917                       0.304                      0.656                    
  Serum glucose 1 hour postoperatively       rho                                            0.071                                         -0.118                      0.389                      -0.324                   -0.025
  P                                          0.710                                          0.536                                         0.034                       0.081                      0.895                    
  Serum glucose 3^rd^ day postoperatively    rho                                            -0.224                                        -0.143                      -0.072                     -0.130                   -0.267
  P                                          0.235                                          0.450                                         0.707                       0.494                      0.154                    
  Serum glucose 5^th^ day postoperatively    rho                                            0.118                                         -0.119                      -0.067                     -0.043                   0.126
  P                                          0.534                                          0.531                                         0.726                       0.822                      0.505                    
  Serum glucose 10^th^ day postoperatively   rho                                            0.013                                         -0.181                      0.543                      -0.082                   -0.072
  P                                          0.946                                          0.339                                         0.002                       0.665                      0.705                    

LSA group that received levobupivacaine spinal anaesthesia

Perioperative pain intensity in VAS scores data showed considerable differences between the groups in the study with significantly lower, tolerable VAS scores in the study group evaluated on the third (P\<0.001), fifth (P\<0.001) and tenth postoperative day (P=0.002) and without opioid analgesic requirements ([Table 3](#t3){ref-type="table"}).

###### Differences between the groups in VAS scores: Mann-Whitney U test.

  Group                            N        Arithmetic mean   SD    Centile   P                 
  -------------------------------- -------- ----------------- ----- --------- ----- ----- ----- ---------
  25\.                             Median   75\.                                                
  VAS preoperatively               DLSA     30                8.4   1.2       8.0   8.5   9.0   0.374
  LSA                              30       8.1               1.3   7.0       8.0   9.0         
  VAS 1 hour postoperatively       DLSA     30                0.0   0.0       0.0   0.0   0.0   0.061
  LSA                              30       0.5               1.3   0.0       0.0   0.0         
  VAS 3^rd^ day postoperatively    DLSA     30                1.7   1.4       1.0   1.5   2.0   \<0.001
  LSA                              30       3.0               1.3   2.0       3.0   4.0         
  VAS 5^th^ day postoperatively    DLSA     30                0.9   0.8       0.0   1.0   2.0   \<0.001
  LSA                              30       2.6               1.1   2.0       3.0   3.0         
  VAS 10^th^ day postoperatively   DLSA     30                0.5   0.6       0.0   0.0   1.0   0.002
  LSA                              30       1.2               0.9   1.0       1.0   2.0         

DLSA group that received dexamethasone + levobupivacaine spinal anaesthesia; LSA group that received levobupivacaine spinal anaesthesia

Duration of analgesia was longer in the study group, the DLSA group (P\<0.001), hospitalisation was shorter in the study group (P=0.045), as well as postoperative length of hospital stay (P=0.044), in comparison to the control group ([Table 4](#t4){ref-type="table"}).

###### Differences between the groups in the length of hospital stay and analgesia duration.

  Group                                N        Arithmetic mean   SD       Centile   P                          
  ------------------------------------ -------- ----------------- -------- --------- -------- -------- -------- ---------
  25\.                                 Median   75\.                                                            
  Preoperative hospital stay (days)    DLSA     30                5.33     5.19      2.00     3.00     6.50     0.166
  LSA                                  30       5.30              2.60     3.00      5.00     7.00              
  Duration of analgesia (minutes)      DLSA     30                556.90   118.45    455.75   540.00   720.00   \<0.001
  LSA                                  30       312.30            70.79    254.75    330.00   377.00            
  Hospitalisation (days)               DLSA     30                15.90    6.00      11.00    14.50    18.50    0.045
  LSA                                  30       17.40             4.00     15.00     19.00    20.00             
  Postoperative hospital stay (days)   DLSA     30                10.57    2.19      9.00     11.00    12.00    0.044
  LSA                                  30       12.10             3.11     10.75     11.50    13.00             

DLSA group that received dexamethasone + levobupivacaine spinal anaesthesia; LSA group that received levobupivacaine spinal anaesthesia

Hospitalisation lasted approximately 14.5 days (range 9.0-23.0) in the DLSA group and 19 (range 8.0-27.0) with significance between groups.

Discussion
==========

This study represents intrathecal administration of 8 mg of dexamethasone with 12.5 mg of 0.5% levobupivacaine received for surgical treatment of proximal femoral fractures, as an anaesthetic pattern which reduces the stress response by decreasing plasma cortisol levels with better quality analgesia and hospitalisation.

Enlightening the receptor types on neuronal presynaptic and postsynaptic membrane responsible for nociceptive signal transmission in dorsal roots of the spinal cord, intrathecal usage of low dose drugs was made possible as an effective method for perioperative pain management with lower incidence of unwanted events.

Intrathecal administration of glucocorticoids was presented during the 1980s ([@r9]). Administration of dexamethasone has the potential to inhibit patient's endogenous secretion of cortisol and when administered intrathecally, causes a short suppression of the pituitary-adrenal axis ([@r10]). Since then, intrathecal injections of steroids were frequently used for the treatment of mumps meningitis, chronic lymphocytic leukaemia and central nervous involvement in lupus erythematosus ([@r11]). Dexamethasone has an effectiveness of 36-54 hours and it is a long lasting corticosteroid ([@r12]). This synthetic corticosteroid administered intrathecally affects nuclear transcription in adrenergic receptors. It inhibits corticosterone binding to type II of adrenergic receptors in the pituitary gland passing through the cerebrospinal fluid (CSF) bound to proteins. Irrelevantly of the concentration, dexamethasone has a similar effect to type II of adrenergic receptors. It is possible that it resorbs somewhere in the brain without an effect on other types of receptors along the HPA axis not depending on the concentration ([@r13]). Intrathecal addition of dexamethasone to bupivacaine for elective orthopaedic surgery on lower limbs significantly prolongs duration of sensory block and decreases opioid requirements in postoperative management ([@r14]). In several studies on peripheral nerve blocks when added to the local anaesthetic, dexamethasone prolongs sensor and motor blockade with significantly reduced postoperative analgesic requirements, which means it can inhibit phospholipase-A2 and cyclooxygenase-2 expression during inflammation decreasing prostaglandin synthesis. Prolonged block may be the result of local effect on nerve fibers ([@r15], [@r16]). Single shot effect of intrathecal administration of dexamethasone with levobupivacaine in emergency patients with femoral fractures have not yet been evaluated in scientific literature.

In various clinical studies on lowering perioperative stress effects, when spinal anaesthesia was used it has been proven to be most consistent block for surgical procedures from below the umbilicus region. The effectiveness of spinal anaesthesia results with lower immunosuppression via maintaining the number of T1 helper cells (Th1 cells) and by that stimulating cell immunity ([@r17]). Inhibition of the natural killer cells (NK-cells) function is related with the suppression of cortisol secretion ([@r18]). When comparing regional and general anaesthesia, cortisol concentrations were reduced in the group that received spinal anaesthesia ([@r19]). These results had shown that cortisol secretion induced by surgical stress is decreased in regional anaesthesia. Therefore, it is clear that afferent neural block induced by spinal anaesthesia decreases intraoperative and postoperative neuroendocrine stress response ([@r20]-[@r22]).

Delirium can refer to a cognitive complication prolonging hospitalisation and is associated with increased cortisol concentrations ([@r23]). Postoperative period in elderly patients with proximal femoral fracture is characterized by a simultaneous elevation of plasma glucose and insulin concentrations, accompanied by a sustained high plasma cortisol concentration. It seems more probable that the prolonged changes seen in the elderly patients with fractures of the proximal femur reflect the effects of immobility after injury and operation, since it is known that physical inactivity leads to glucose intolerance ([@r24]). The implications of these persisting high plasma concentrations of glucose, insulin and cortisol for the recovery of the patient with a proximal femoral fracture may be substantial. These findings therefore suggest that early mobilisation of elderly patients with proximal femoral fractures, in addition to other generally accepted benefits, might also prevent the development of deleterious metabolic abnormalities ([@r25]).

Our study's correlation data of pain intensity and cortisol concentrations showed significant negative correlations between cortisol concentrations preoperatively and one hour after surgery with VAS scores measured in the same times reflecting longer hospitalisation in the LSA group pointing out that acute injury and perioperative stress effect had been reduced when dexamethasone was added intrathecally with enhancement of treatment outcome.

Patients in the study group had significantly lower pain intensity evaluated in VAS scores and without opioid analgesic requirements. Study results showed longer duration of analgesia in the study group, the DLSA group. Duration of analgesia was associated with the decreased cortisol concentrations.

Data showed the increase of serum glucose concentration one hour after surgery and on the tenth postoperative day which correlated with surgery duration in the LSA group, meaning the longer the duration of surgical procedure the more extended was the stress response in contrast to the DLSA group where there was not significance.

Duration of analgesia was significantly shorter in the control group according to the VAS scores measured with much increased opioid requiremnets postoperatively. Additionally cortisol concentrations measured in the LSA group were significantly higher, hospitalisation was longer and correlated with higher VAS scores. That reflected on shorter analgesia duration in comparison to the study group - the DLSA group - indicating the direct effect of dexamethasone with the local anaesthetic in CSF as significant beneficial adjuvant which relegates to spinal anaesthesia when only the local anaesthetic is administered.

Postraumatic stress disorder is an eminent risk factor for high morbidity and mortality rate with prolonged hospitalisation. From this study findings, sugical treatment of proximal femoral fracture in spinal anaesthesia presents shorter hospitalisation in the group that received dexamethasone DLSA/LSA 14.50/19.00, which is also confirmed in the other studies, regional anaesthesia relates with better recovery and shorter length of hospital stay ([@r26]).

Conclusions
===========

Single shot of intrathecally administered dexamethasone with levobupivacaine received for surgical treatment of proximal femoral fractures reduces the stress response by decreasing plasma cortisol concentrations with longer lasting analgesic effect with better rehabilitation possibilities, hence shortening hospitalisation which explains this pattern of anaesthesia as first choice method.
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